Two mutants, which had lost respectively the ability to synthesize the first and second enzymes of the mandelate pathway, were isolated and characterized. These blocked mutants permitted a more refined analysis of control mechanisms and induction than had been possible with the wild type.
Synthesis of the enzymes for D-mandelate oxidation by the wild-type of Pseudomonas putida A.3.12 may be induced by any of the first three intermediates of the pathway. Phenoxyacetate, a nonmetabolizable inducer, elicits synthesis of the first five enzymes of the pathway (the mandelate group), but of no others (4) .
Two mutants, which had lost respectively the ability to synthesize the first and second enzymes of the mandelate pathway, were isolated and characterized. These blocked mutants permitted a more refined analysis of control mechanisms and induction than had been possible with the wild type.
MATERIALS AND METHODS
Organism and methods of cultivation. P. putida A.3.12, described in the first paper of this series (4) , and mutants derived from it were used in this study. The media and methods of cultivation were the same as those described previously (4) .
Enzymological methods and extraction procedures. The extraction and assay procedures used in this work were decribed in the first paper of this series (4) .
Induction and selection of blocked mutants. The mutagens used to induce blocked mutants in populations of the wild type were ethyl methane sulfonate (EMS) and ultraviolet light (UV). For treatment by irradiation, an exponentially growing culture was harvested, washed in basal medium, and resuspended in the same medium. A portion of this suspension was irradiated with an unfiltered UV lamp (model V-41, Ultra-Violet Products, Inc., San Gabriel, Calif.) while being agitated gently in a shallow layer in a petri dish. When 99.9% of the cells had been killed (60 sec, 25-cm distance from lamp to dish), the treated suspension was appropriately diluted in mineral base, and 0.1--ml portions containing approximately 200 viable cells were spread on petri plates of solidified basal medium containing 0.01% asparagine and 0.2% D-mandelate as carbon and energy sources. These manipulations, and subsequent incubation of the plates, were conducted in dim light to prevent photoreactivation. After about 48 hr, the plates were examined. The smallest colonies were picked from among the more numerous large colonies, and purified by streaking. From the streaked plate of each clone, a single colony was picked and transferred to a plate, the inoculum being spread heavily over a small area to produce a patch of confluent growth. After growth had occurred, the patched plate was replicated by Lederberg's technique (7) to a series of mineral base plates containing, in order of replication, Dmandelate, L-mandelate, benzoylformate, benzoate, succinate, and to a final yeast extract plate to control the success of replication.
Strains which failed to grow on D-or L-mandelate, benzoylformate, or benzoate, but which grew on succinate, were selected for further examination. The identity of each such strain as P. putida was established by examining the Gram reaction, motility, microscopic morphology, and ability to produce fluorescent pigment.
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For preparing mutants with EMS, the general procedures described by Loveless and Howarth (8) and Strauss (10) Leakiness and reversion. It was important for the interpretation of later experiments to establish that each of these genetic lesions did indeed involve essentially complete loss of enzyme function, and that the contribution of spontaneous revertants was negligible even during growth in the presence of mandelate. To this end, extracts were prepared from cells of the rac-and mdgrown in asparagine-basal medium supplemented with 0.01 M DL-mandelate. These extracts were then examined for the respective mutationally deleted activities by radiochemical assay, the sensitivity of which is limited only by efficiency of counting and the specific activity of the substrate. It is evident from the results ( Table 2 ) that reversion is negligible and that the blocks are substantially complete. The activities found correspond to those obtained by dilution of extracts prepared from fully-induced wild-type cells with at least 107 parts of inactive protein.
Response of blocked mutants to D(-) and DLmandelate. Two cultures each of the rac-and md- Table 5 .
With both mutants and their respective non- 6 .25 % of the fully induced enzyme level due to the dilution of the induced inoculum, the specific activities at each inducer concentration (Table 6) were virtually identical with those obtained when a noninduced inoculum was used (Table 4) . Despite previous exposure of the cells to inducer, nonsaturating quantities of inducer evoked enzyme levels that were not measurably higher than those obtained in a parallel experiment for which the inoculum had been grown on noninducing medium for many transfers. The absence of preinduction effects on the dependence of rate of enzyme synthesis on inducer concentration indicates that the entry of mandelate into the cell is not mediated by a concentrating permease.
A direct attempt to demonstrate a permease was undertaken by use of the membrane-filter technique of Cohen and Monod (2) . DL-Mandelate labeled in the carboxyl group with C14 at a specific activity of 4.92 mc/mmole was used in these experiments. Twice-washed cells of mutant md-grown (i) in asparagine-basal medium and (ii) the same medium supplemented with 0.01 M DL-mandelate, were compared with regard to the ability to concentrate 10-, 10-4, and 10-s M labeled DL-mandelate. The effects of 0.01 M KCN and 0.4% asparagine on the concentration process were also studied.
Radioactivity rapidly entered the cells in all experiments, the process of equilibration having a half-time of less than 5 sec at 30 C. Assuming a cell-water space of about 50%, the activity was equilibrated with the external medium without concentration. The state of induction of the cells and the presence of asparagine or KCN affected neither the rate of attainment nor final value of this equilibrium.
